Study design: A prospective observational study reporting correlation between sCD95L (serum cluster of differentiation 95 ligand) serum levels and remission after traumatic spinal cord injury (SCI). Objectives: To describe the correlation between sCD95L serum levels and remission after traumatic SCI in a human protocol compared with animal studies. Setting: Rhineland-Palatinate (Rheinland-Pfalz), Germany. Methods: We included 45 patients with traumatic SCI. According to their neurological outcome, patients were divided into two groups, patients with (G1, n = 26) and without (G2, n = 19) remission. Blood was collected on post-admission and according to a fixed scheme, that is, after 4, 9, 12 h, 1, 3 days and 1, 2, 4, 8, 12 weeks. Results: By comparing G1 with G2, we found a correlation between neurological remission and sCD95L serum concentrations. Consistently elevated levels of sCD95L in G1 between 9 h and 1 month after injury show significantly differing values 7 days after injury. This indicates a correlation between patients with clinically documented neurological remission and elevated sCD95L serum concentrations. Conclusions: In opposite to animal studies, our patients with neurological remission show on average higher levels of sCD95L compared with patients without. Therefore, spinal cord-injured patients would probably not profit from neutralizing CD95L. Our results present that the transfer of findings from animal studies to humans must always be considered critically. We were able to show that peripheral serum cytokine expression is suitable to state processes after SCI in humans.
INTRODUCTION
Cluster of differentiation 95 ligand (CD95L) is a well-known transmembrane protein belonging to the tumor necrosis factor family. The receptor CD95 (Apoptosis antigen 1) of the CD95/CD95L system has been shown to be involved in the mediation of apoptosis. Recent studies revealed further contributions of CD95/CD95L to other dynamic systems such as the inflammatory reaction in acute spinal cord injury (SCI). [1] [2] [3] [4] Letellier et al. 5 observed that injury to the spinal cord triggered surface expression of CD95 ligand on peripheral myeloid cells in animals and humans, which ultimately led to an increased inflammatory response at lesion site. Following their hypothesis, migration of myeloid cells is mediated by CD95L via activation of phosphatidylinositol-3-kinase and Spleen Tyrosine Kinase-Matrix Metallo Proteinase. In conclusion, they claimed that peripheral neutralization of CD95L would have a beneficial effect by inducing a controlled inflammatory response and therefore improving neurological recovery. One major hypothesis was that the peripheral amount of CD95L produced by myeloid cells and not CD95L at lesion site is responsible for multiplication of chemotactic signals leading to an increased inflammatory response after SCI and initiated further tissue damage. To confirm these findings, we previously determined peripheral serum concentrations of sCD95L in patients in a small patient group (n = 8) with traumatic SCI and demonstrated the results in the Spinal Cord Journal. 6 In a larger cohort population (n = 23), we correlated the serum levels of sCD95L to the neurological outcome. 7 Our ambition now was to test the hypothesis of Lettelier et al., depending on their animal studies on the basis of a human protocol with an enlarged cohort population.
MATERIALS AND METHODS
Between March 2010 and September 2014, we included 45 patients in our prospective observational study and established a complete database including demographic and clinical parameters such as age, gender, etiology of accident, neurological level of injury, and initial and final AIS scores (AIS, ASIA Impairment Scale, ASIA, American Spinal Injury Association) 8 in order to compare laboratory findings with functional neurological outcome. 9 We defined neurological remission as improvement of the final AIS score compared with the initially measured AIS score. Finally, we divided patients according to their neurological outcome into two groups: G1, patients with neurological remission (G1 = Group 1, improved the final AIS score compared with the initial AIS score), and G2, patients without remission (G2 = Group 2, no improvement in the final AIS score compared with the initial AIS score). In our recent prospective observational study on sCD95L in a large population of traumatic spinal cord-injured patients (n = 45), venous blood samples were taken on post-admission and according to a fixed scheme, that is, 4, 9, 12 h, 1, 3 days and 1, 2, 4, 8, 12 weeks after SCI. Table 1 shows demographic and clinical characteristics of the subjects.
Statistical analysis was performed using SPSS (IBM SPSS Statistics for Windows, Version 21.0, IBM Corp., Armonk, NY, USA). Correlation analysis was carried out between all variables. Because of the partly non-normal distribution of the data, non-parametric tests were used to compare samples. Statistical analysis for two independent variables (cytokine concentrations of two different AIS groups) was carried out with the Mann-Whitney U-Test. Two dependent variables (cytokine concentrations within one group at different points of time) were compared with the Wilcoxon signed-rank test. 9 Our prospective observational study has been approved by the ethics committees of the University of Heidelberg (S-514/2011) and the Landesärztekammer Rheinland-Pfalz (837.188.12/8289-F), Germany. We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research.
RESULTS
By analyzing the entire patient collective, we found a significant decrease at 4, 9 and 12 h as well as 1, 3 and 7 days after SCI compared with initial sCD95L levels at admission (on average 1 h after trauma) (Po0.05, Wilcoxon signed-rank test). Thereafter, we measured an increase in sCD95L concentrations 7 days after SCI with a return to initial levels at 6 weeks. There was a peak after 2 months (mean = 68.25 pg ml − 1 ) and a slight decrease between 2 and 3 months (Figure 1 ). Exact serum concentrations are presented in Table 2 . By comparing group 1 (G1, n = 26) with group 2 (G2, n = 19), we found consistently elevated levels of sCD95L in G1 between 9 h and 1 month after injury (Figure 2) . Mean values were significantly different 7 days after injury (Po0.05; Mann-Whitney U-test). Figure 3 shows the AIS improvement from initial to final measures.
DISCUSSION
Our study did show an initial decrease in sCD95L, but this was followed by a steady increase above initially measured concentrations. Furthermore, we found that patients with clinically documented neurological remission showed higher sCD95L serum concentrations than patients without remission. These results indicate a correlation between neurological remission and higher levels of peripheral serum levels of sCD95L. On the basis of our results, we are not able to confirm the hypothesis of Letellier et al. High levels of sCD95L in peripheral human blood serum seem to have a positive influence on the outcome after traumatic SCI. Assuming peripheral elevated CD95L would be the main trigger to multiply inflammation at lesion site and therefore increase cell damage as suggested by Lettelier et al., patients with low sCD95L in peripheral blood serum should present themselves with improved neurological outcome. Neutralization of peripheral CD95L would most likely not lead to neurological remission. The complex interaction between pro-and anti-inflammatory cell mediators and their diverse feedback mechanisms often present with major fluctuations due to the efforts of our organism to limit inflammation. 10 Recently, we could demonstrate that it is possible to verify biochemical processes after traumatic SCI, depending on the neurological outcome. Further, we were able to demonstrate that proand anti-inflammatory cytokines might have a key role by inducing and controlling these feedback loops after SCI. 9 However, there is still an ongoing discussion about inflammation and its influence on neuro de-and regeneration. In general, inflammation needs to be controlled in order to avoid additional damage by disproportionate defense mechanisms, but it is also essential for responding to external noxae such as bacterial or viral wound infections, as well as putting important repair mechanisms in motion. 10 The observed decline in sCD95L within the first 24 h may perhaps mark a still unknown feedback mechanism or form part of a compensatory counter-regulation of the body to acute injury. Corsini et al. 1 demonstrated that the CD95/CD95L system can lead to stem cell survival and neuronal specification in ongoing and injury-induced neurogenesis in the central nervous system. Assuming that this CD95/ CD95L injury-induced neurogenesis signal can also be found in the damaged spinal cord, it could explain why there is an increase in sCD95L after SCI in patients with neurological remission. Further research in that area is needed to unravel more precise feedback mechanisms, leading to improved clinical outcome after SCI. A special challenge has always been the question of whether and to what extent findings obtained from animal studies are also valid in humans. 11 A recent round table discussion of members of the SCI research community about the role of animal trials in SCI underlined the importance of these studies before human protocols and also emphasized the issue of how data derived from these studies should be interpreted. 12 For choosing the right measurement times and relating them to the appropriate times in the human body, further research is much needed. Without this knowledge, conclusions for human therapy derived from animal model observations most likely lead to misinterpretation of dynamic systems. In the field of traumatic SCI, the current literature provides no data of animal models presenting transferable results to humans. 12, 13 Most studies investigated the secondary phase after traumatic SCI in animal models. Even though valuable observations in the process leading to the formation of the glial scar 14 and depending on these results promising approaches in future therapy of traumatic SCI had been made, clinical studies can provide additional and much needed information. Measurements of blood serum and liquor cytokines for instance seem to differ quite a lot in animal to human protocols. Mestas and Hughes 15 reviewed the literature for that matter and found that differences between mouse and human immunology, including the Cluster of Differentiation Superfamily, are especially critical in terms of transferability. The very few human studies analyzed either blood and/or cerebrospinal fluid samples in very short time intervals without correlating them to clinical parameters 16 or blood samples were taken at random time points without following to a fixed protocol. 17 A systemic analysis including patient follow-up and outcome is missing. Even though Lettelier et al. were able to reveal most complicated signaling pathways and cytokine interactions in an SCI animal model, it is highly critical to transfer these findings to humans without considering correlation between their findings and clinical measures of patients.
CONCLUSIONS
In conclusion, we found that the sCD95L serum concentration decreases in the acute phase after traumatic SCI but increases again in the following sub-acute and intermediate phase and even rises above initial levels. Patients with neurological remission show on average higher levels of sCD95L compared with patients without neurological remission, indicating that higher levels of sCD95 after SCI have beneficial effects on functional recovery. Therefore, spinal cord-injured patients would probably not profit from neutralizing CD95L. Our results show that the transfer of findings from animal studies to humans must always be considered critically. The treatment in spinal cord-injured patients is one of the greatest challenges of modern medicine. Only through the consistent observation and analysis of large databases in accordance with patient data can result found in animal trials be validated and further efforts considered targeting specific interacting regulatory pathways.
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